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DETERMINATION OF BIAXIAL CREEP 

STXXKGTH OF T-111 TANTALUM ALLOY 

I .  IiiTROEUCT I ON 

T h i s  r e p o r t  cove r s  t h e  pe r iod  from March 8 ,  1967 t o  September 8, 1967, 

of a program t o  document t h e  c r e e p  behavior of seamless and welded and reworked 

T-111 a l l o y  tub ing  under a b i a x i a l  s t a t e  of stress, and t o  e v a l u a t e  t h e  e f f e c t s  

of stress on t h e  c o r r o s i o n  behavior of T-111 a l l o y  w i t h  potassium. Potassium 

r e f l u x i n g  capsu le s  of seamless and weldec! and reworked T-ill a l l o y  tub ing  are 

t o  be t e s t e d  under c o n d i t i o n s  which w i l l  r e s u l t  i n  one t o  f i v e  percent  equiv-  

a l e n t  u n i a x i a l  s t r a i n  du r ing  a 5000-hour exposure .  I t  i s  a n t i c i p a t e d  t h a t  

t h e  c a p s u l e  t es t  tempera ture  w i l l  be i n  t h e  range of 2100' t o  2400'F. The 

c a p s u l e  w a l l s  w i l l  be reduced i n  t h e  potassium l i q u i d  r eg ion  and i n  t h e  ' 

vapor condensing r e g i o n  t o  provide gauge s e c t i o n s  where t h e  e x t e n t  of c r e e p  

can be measured. The t e s t i n g  w i l l  be done i n  a manner s i m i l a r  t o  t h a t  

developed under a n  ea r l i e r  NASA c o n t r a c t  (NAS 3-6012). 
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11. SUMMARY 

An o r d e r  f o r  seamless and welded and reworked 1 .5- inch  OD x 0.100-inch 

wa l l  T-111 a l l o y  t u b i n g  from which the  c a p s u l e s  w i l l  be f a b r i c a t e d  w a s  

placed w i t h  t h e  Supe r io r  Tube Company. Del ivery  of t h e  seamless and welded 

End rewcrked 1.5-inch OD x 3.100-inch w a l l  T-111 a l l o y  tub ing  i s  scheduled 

f o r  January 8, 1968. 

Minor des ign  changes i n  t h e  test  f a c i l i t y  which w i l l  be used f o r  t h i s  

program and which was previous ly  used f o r  NASA Cont rac t  NAS 3-6012 have been 

completed. 

The d e t a i l e d  des ign  of t h e  potassium p r e s s u r e  t r ansduce r  t o  be used t o  

measure t h e  potassium p r e s s u r e  i n  t h e  r e f l u x i n g  capsu le s  dur ing  t e s t i n g  w a s  

completed and approved by t h e  NASA Program Manager; inachining of t h e  com- 

ponents has  been completed and assembly of t h e  p r e s s u r e  t r a n s d u c e r  i s  now 

underway. 

An e r r o r  a n a l y s i s  of t h e  test  f a c i l i t y  and t h e  s t r e s s - s t r a i n  r e l a t i o n -  

s h i p s  u t i l i z e d  i n  c a l c u l a t i n g  equ iva len t  u n i a x i a l  va lues  from b i a x i a l  d a t a  

has been completed. 
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111. PROGRAM STATUS 

MATERIALS PROCUREMENT 

An o r d e r  f o r  4 8 . i n c h e s  of 1.5-inch OD x 0.100-inch w a l l  seamless and 

welded and reworked T-111 a l l o y  tub ing  w a s  p laced  w i t h  t h e  Super ior  Tube 

Company, Norristown, Pennsylvania .  Both t h e  seamless and welded and 

re;:.crke:! T - l l l  a l l z y  tubizg  ill be made f r m  t h e  same heat af T - I l l  a l l a y .  

The seamless tub ing  w i l l  be made u t i l i z i n g  s t anda rd  tube  reducing  t e c h n i q u e s .  

The welded and reworked tub ing  w i l l  be made by making an  e l e c t r o n  beam weld 

pass  along t h e  e n t i r e  l e n g t h  of t h e  seamless 2.0-inch OD x 0,250-inch t h i c k  

w a l l  t ube  s h e l l  p r i o r  t o  r e d u c t i o n  t o  f i n a l  s i z e .  Subsequently,  t h e  weld 

w i l l  be c lear ly  marked, benched, and u l t r a s o n i c a l l y  i n s p e c t e d .  The i n s i d e  

of bo th  t u b e  s h e l l s  w i l l  t h e n  be honed t o  a s u r f a c e  f i n i s h  of less t h a n  1 6  

r m s  by D e t r o i t  Diameters, South H i l l s ,  Michigan. A f t e r  honing, t h e  welded 

tube  s h e l l  w i l l  be reduced t o  f i n a l  s i z e  i n  t h e  same manner and a t  t h e  same 

t i m e  as t h e  seamless t u b i n g .  Delivery of t h e  2.0-inch OD x 0.250-inch wa l l  

T-111 a l l o y  tube  s h e l l s  t o  t h e  General Electric Company, SPPS f o r  welding 

and honing p r i o r  t o  t h e  f i n a l  r educ t ion  i s  scheduled f o r  October 2 ,  1967. 

The d e l i v e r y  of t h e  f i n i s h e d  tub ing  from Super ior  Tube Company i s  scheduled 

f o r  January  8, 1968. 

TEST FACILITY 

The same test f a c i l i t y  as w a s  used f o r  t e s t i n g  capsu le s  made from D-43 

a l l o y  on NASA Cont rac t  NAS 3-6012 (’) 

T-111 a l l o y  c a p s u l e s ,  F igu res  1 through 3 .  Minor des ign  changes i n  t h e  

f a c i l i t y  have been completed t o  a l l o w  f o r  i n s t a l l a t i o n  of a potassium p res -  

s u r e  t r a n s d u c e r  which w i l l  be a t t ached  t o  t h e  T-111 a l l o y  c a p s u l e .  A 

p r e s s u r e  t r a n s d u c e r ,  t o  measure t h e  potassium p r e s s u r e  w i t h i n  t h e  capsu le ,  

was not  used on t h e  p rev ious ly  t e s t e d  D-43 a l l o y  c a p s u l e s .  

w i l l  be used f o r  t h e  t e s t i n g  of t h e  

F a b r i c a t i o n  of t h e  modified tes t  f a c i l i t y  hardware has been completed 

and i s  ready f o r  i n s t a l l a t i o n  i n t o  the  prev ious ly  used test  f a c i l i t y .  

- 3- 
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POTASSIUM PRESSURE TRANSDUCER 

The d e s i g n  of t h e  potassium p res su re  t r a n s d u c e r  t o  be used for measuring 

t h e  potass ium p r e s s u r e  wi th in  t h e  capsule  du r ing  t e s t i n g  is  ve ry  s imilar  t o  

t h e  d e s i g n  of t h e  p r e s s u r e  t ransducer  used by t h e  U .  S.  Naval Research 

Laboratory 

t empera tu re .  The d e t a i l e d  des ign  of t h e  p r e s s u r e  t r a n s d u c e r  has been com- 

p l e t e d  and has been r ece ived  and approved by t h e  NASA Prsgram ivianager and 

personnel  from t h e  U .  S.  Naval Research Labora tory .  

t o  de te rmine  t h e  vapor p r e s s u r e  of potassium as a f u n c t i o n  of (2 1 

The p r e s s u r e  t r a n s d u c e r  des ign  is  shown i n  F igure  4 .  A schematic of 

t h e  p r e s s u r e  s y s t e m  t o  be used w i t h  t h e  p re s su re  t r a n s d u c e r  i s  shown i n  

F igure  5 .  The p r e s s u r e  t r a n s d u c e r  works on a manual nu l l -ba l ance  p r i n c i p l e  

w i t h  h igh  p u r i t y  argon gas  p r e s s u r e  being a p p l i e d  t o  one s i d e  of t h e  t r a n s -  

ducer  diaphragm and opposing t h e  vapor p r e s s u r e  of t h e  potassium which 

e x e r t s  a f o r c e  on t h e  o p p o s i t e  s i d e  of t h e  p r e s s u r e  t r a n s d u c e r  diaphragm. By 

p r e - s e t t i n g  t h e  t e r m i n a l  i n  con tac t  w i th  t h e  diaphragm such t h a t  when t h e  

p r e s s u r e  on one s i d e  of t h e  diaphragm is  i n  ba lance  w i t h  t h e  opposing p r e s s u r e  

on t h e  o t h e r  s i d e  of t h e  diaphragm, the  c o n t a c t  i s  s l i g h t l y  open. The open 

c i r c u i t  can  be used t o  i n d i c a t e  when t h e  argon p res su re  j u s t  e q u a l s  t h e  

potassium vapor p r e s s u r e  i n  t h e  test c a p s u l e .  Measurement of t h e  a rgon  

p r e s s u r e  wi th  an  a c c u r a t e  p re s su re  gauge i s  a d i r e c t  i n d i c a t i o n  of t h e  

potassium vapor p r e s s u r e  on t h e  opposing s i d e  of t h e  diaphragm and, t h e r e f o r e ,  

w i t h i n  t h e  test  c a p s u l e .  The argon gas p r e s s u r e  i s  c o n t r o l l e d  wi th  two Hoke 

needle  v a l v e s  (Model TY445), one t o  allow argon t o  e n t e r  t h e  sys t em,  aiid i n e  

second t o  a l low argon t o  b leed  off i n t o  a vacuum. The t o t a l  volume of t h e  

g a s  system i s  inc reased  by adding a o n e - l i t e r  p r e s s u r e  c y l i n d e r  i n  o r d e r  t o  

provide  g r e a t e r  c o n t r o l  i n  making small manual p r e s s u r e  ad jus tmen t s .  

F igu re  6 i l l u s t r a t e s  t h e  test capsule  des ign ,  which i s  s imilar  t o  t h a t  

p rev ious ly  u t i l i z e d  under NASA Contract NAS 3-6012, wi th  t h e  p re s su re  t r a n s -  

ducer  i n  p l a c e .  Machining of t h e  p re s su re  t r a n s d u c e r  components a t  P r e c i s i o n  

Mechanics, I n c . ,  Newtown, Ohio has been completed, F igure  7,and t h e  assembly 

of two p r e s s u r e  t r a n s d u c e r s  has been i n i t i a t e d .  
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ERROR ANALYSIS 

An e r r o r  a n a l y s i s  t o  determine t h e  a n t i c i p a t e d  accuracy of t h e  c r e e p  

d a t a  which w i l l  be obta ined  from both t h e  u n i a x i a l  and b i a x i a l  c r e e p  tests 

on t h e  T-111 a l l o y  t u b i n g  has  been completed. Th i s  a n a l y s i s  w i l l  a l l ow a 

more r ea l i s t i c  e v a l u a t i o n  Of any observed d i f f e r e n c e s  between t h e  u n i a x i a l  

and b i a x i a l  c r e e p  p r o p e r t i e s  of t h e  T-111 a l l o y .  It a l s o  i n d i c a t e s  which 

parameters c o n t r i b u t e  most s i g n i f i c a n t l y  t o  the recr?ltlr?g creep data aiid, 

t h e r e f o r e ,  which parameter should be determined as accurately a s  p o s s i b l e .  

The a c t u a l  u n i a x i a l  and b i a x i a l  test  d a t a  are compared by computing 

e f f e c t i v e  or equ iva len t  u n i a x i a l  s t r e s s - s t r a i n  d a t a  from t h e  b i a x i a l  test 

r e s u l t s  based on the  von Mises theory of y i e l d i n g  as a p p l i e d  t o  p r e s s u r i z e d  

tubes  by C .  R .  Soderberg (3)  . 
are i s o t r o p y  and constancy of volume dur ing  s t r a i n i n g  i n  t h e  material of 

i n t e r e s t .  The e q u i v a l e n t  u n i a x i a l  da t a  computed from t h e  b i a x i a l  test  

r e s u l t s  are t h e n  compared d i r e c t l y  with t h e  a c t u a l  u n i a x i a l  test r e s u l t s .  

I n  t h i s  p a r t i c u l a r  program, the e f f e c t i v e  stress l e v e l s  i n  both  t he  u n i a x i a l  

and b i a x i a l  tests w i l l  be t h e  same s o  t h a t  s t r a i n  is  the  only v a r i a b l e .  The 

remaining two parameters  of t i m e  and tempera ture  which are necessary  f o r  

d e s c r i b i n g  t h e  c r e e p  p r o p e r t i e s  of a material are measured d i r e c t l y  d u r i n g  

both  t h e  u n i a x i a l  and b i a x i a l  tests. There fo re ,  t o  o b t a i n  a n  a c c u r a t e  com- 

p a r i s o n  of t h e  u n i a x i a l  and b i a x i a l  s t r e s s - s t r a i n  d a t a  t h e  tests must be 

conducted a t  s imilar  t i m e s  and tempera tures .  

The bas i c  assumptions of t h e  von Mises t h e o r y  

The theoretical effective or eqiiivaient u n i a x i a i  stress for t h e  b i a x i a l l y  

s t r e s s e d *  T-111 a l l o y  test capsu le  can be determined by t h e  fo l lowing  equa- 

t i o n  (4.) . 

* Although t h e  c a p s u l e  i s  a c t u a l l y  being t r i a x i a l l y  s t r e s s e d ,  the  r a d i a l  
stresses are q u i t e  s m a l l  and are, t h e r e f o r e ,  neg lec t ed  f o r  s i m p l i f i c a t i o n .  

-12- 



where 
67' e = e f f e c t i v e  u n i a x i a l  stress f o r  t h e  b i a x i a l l y  stressed 

tes t  c a p s u l e  

p = a b s o l u t e  i n t e r n a l  p r e s s u r e  of capsu le  

r = mean c a p s u l e  r a d i u s  

t = capsu le  ivall t h i c k n e s s  i n  gauge s e c t i o n  

The e f f e c t i v e  u n i a x i a l  s t r a i n  f o r  t h e  b i a x i a l l y  s t r a i n e d  c a p s u l e  c a n  he 
(4) . 

computed us ing  t h e  equa t ion  
27/? p r  i 1-t 

(L' = -v--3i Ad - - 
\ e 3r 3tE 

where, 

ce = e f f e c t i v e  u n i a x i a l  s t r a i n  f o r  the  b i a x i a l l y  sti-aiiieci 

A d  = change i n  capsule  d i ame te r  i n  gauge s e c t i o n  f o r  some 

test capsu le  

i n t e r v a l  of t i m e  . 
r = mean capsu le  r a d i u s  

p = a b s o l u t e  i n t e r n a l  p r e s s u r e  of capsu le  

p = P o i s s o n ' s  R a t i o  f o r  m a t e r i a l  being tes ted 

t = capsu le  wa l l  t h i c k n e s s  i n  gauge s e c t i o n  

E = Young's modulus of e l a s t i c i t y  for m a t e r i a l  being t e s t e d  

The s t r e s s - s t r a i n  d a t a  f o r  t h e  u n i a x i a l  tests are determined q u i t e  simply 

w i t h  t h e  u n i a x i a l  stress being determined from: 

F G= (3) 

where 
J 0 = u n i a x i a l  stress 

F = t o t a l  load  

A = c r o s s - s e c t i o n a l  a r e a  of specimen i n  gauge l e n g t h ;  

and t h e  u n i a x i a l  s t r a i n  i s  determined f rom:  

AL c =  -y- 

where 

f = u n i a x i a l  s t r a i n  

AL = change i n  gauge l e n g t h  f o r  some i n t e r v a l  of t i m e  

L = gauge l e n g t h .  
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( 5 )  Based on c r e e p  p r o p e r t i e s  repor ted  by TRW Equipment Labora to r i e s  

f o r  T-111  a l l o y ,  a set of hypo the t i ca l  test c o n d i t i o n s  have been s e l e c t e d  

f o r  t h e  b i a x i a l l y  s t r e s s e d  tes t  c a p s u l e  which w i l l  r e s u l t  i n  an e q u i v a l e n t  

u n i a x i a l  creep of one-percent i n  5000 hour s .  These c o n d i t i o n s  w i l l  be 

u t i l i z e d  t o  c a l c u l a t e  t h e  a n t i c i p a t e d  e r r o r  i n  t h e  s t r e s s - s t r a i n  d a t a  t o  

be determined i n  t h i s  program. The h y p o t h e t i c a l  test c o n d i t i o n s  and o t h e r  

necessary  T-111 a l l o y  p rope r ty  d a t a  along w i t h  t h e i r  r e s p e c t i v e  a n t i c i p a t e d  

e r r o r s  a r e  g iven  i n  Table  I .  Using t h e  d a t a  i n  Table I and equa t ions  1, 2 ,  

3, and 4,  t h e  i n d i v i d u a l  and combined e f f e c t s  of t h e  va r ious  parameter 

e r r o r s  on the accuracy Of t h e  equiva len t  u n i a x i a l  and a c t u a l  u n i a x i a l  

s t r e s s - s t r a i n  d a t a  were computed. T h e s e  e f f e c t s  are shown i n  Table 11. 

I t  i s  obvious from t h e  d a t a  i n  Table I1 t h a t  t h e  use  of a p res su re  t r a n s -  

ducer  on t h e  test capsu le  t o  determine t h e  potassium vapor p re s su re  (p>  

s i g n i f i c a n t l y  reduces  t h e  p o s s i b l e  e r r o r  i n  de te rmining  t h e  equ iva len t  

u n i a x i a l  stress 6)  i n  t h e  c a p s u l e .  

s u l e  w a l l  t h i c k n e s s  ( t )  i n  t h e  gauge s e c t i o n  should be performed i n  an 

a t tempt  t o  reduce t h e  e r r o r  in t roduced  by t h i s  measurement i n  t h e  e q u i v a l e n t  

u n i a x i a l - s t r e s s  d a t a .  The accuracy of t h e  e q u i v a l e n t  u n i a x i a l  s t r a i n  (E ) i s  

g r e a t l y  dependent on t h e  accuracy of t h e  measured d iameter  change (nd) dur ing  

t e s t i n g  and, t h e r e f o r e ,  t h e  d iameter  change should be measured a s  a c c u r a t e l y  

as  p o s s i b l e .  The e r r o r  in t roduced  by t h e  c r o s s - s e c t i o n a l  a r e a  i n  de te rmining  

t h e  u n i a x i a l  stress <G> i s  caused by t h e  small c r o s s - - s e c t i o n a l  a r e a  of t h e  

u n i a x i a l  tes t  specimens combined w i t h  t h e  accuracy of measuring t h e  a r e a .  

Also a c c u r a t e  measurement of t h e  cap- 

e 
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TABLE I .  HYPOTHETICAL TEST CONDITIO S FOR 
BIMiALLk' CAFSum%) 

PARAMETER MEAK VALUE 

- 
'I'emperature 2215°F 

Potassium Vapor Pressure  268.6 p i a  

Mean Capsule Radius 0.660 i n .  

Capsule Diameter Change 
I n  5000 Hours 0.012 i n .  

Capsule Wall Thickness 0.020 i n .  

Po i s son ' s  Rat i o  0 . 3 5  

Young's Modulus (2215OF) 18 x 10 p s i  6 

T o t a l  Load f o r  Uniaxia l  T e s t  153.5 l b s .  

2 Cross - sec t iona l  Area of 
Uniaxia l  T e s t  Specimen 0.020 i n .  

Gauge Length of Uniaxia l  
T e s t  Spec imen 0.200 i n .  

Change I n  Gauge Length 
Iii 5s3c ::Oiii-s V . W O Y  in. n n c )  

ERROR 

51% 
(b) 
(C) 

514.3 p s i a  
50.27 p s i a  

kO.001 i n .  

t0 .0015 i n .  

kO.001 i n .  

TO.  05 

52 x 10 p s i  

50.1 l b s .  

6 

2 +0.001 i n .  

50.00005 i n .  

A n  nnnnc . 
AV . W V V V J  i i i  . 

( a )Se lec t ed  t o  r e s u l t  i n  1% u n i a x i a l  c r eep  i n  5000 hour s .  

(b )Er ro r  when determined as a f u n c t i o n  of t empera tu re .  

(C)Er ro r  when measured d i r e c t l y  w i th  p r e s s u r e  t r a n s d u c e r .  
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PARAMETER 

P 

r 

t 

Ad 

U 

E 

T o t a l  E f f e c t  

FOR BIAXIAL TEST 

20.02 

f5 .26  
- 

(e 1 211 .OO(d), 25.50 

FOR UNIAXIAL TEST 

Af 

F 

A 

L 

AL 

T o t a l  E f f e c t  

L0.06 

25.26 
- 
- 

25.32 

f o . 1 9 ( d ) ,  fO.OO (e  1 

ltro .09 
20.19 

k13.06 

fO .09 

20.39 
214.20(d),  214.00 (e  1 

- 

- 
20 .03 

ltr2.50 

22.53 

(a)Given i n  Table  I .  

(b )Ca lcu la t ed  u s i n g  equa t ion  (l), 6 e  (average)  = 7676 p s i .  

(C)Ca lcu la t ed  us ing  equa t ion  (2) ,  f e  (average)  = 0.01 i n . / i n .  
~~ 

Based on p r e s s u r e  being determined from tempera ture .  

Based on p r e s s u r e  being determined from p r e s s u r e  t r a n s d u c e r .  

C a l c u l a t e d  u s i n g  equa t ion  (3) ,  G a v e r a g e )  = 7676 p s i .  

(d )  

(e  1 
(f 1 

(g )Ca lcu la t ed  us ing  equa t ion  (4) ,  f (average)  = 0.01 i n . / i n .  
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IV. FUTURE PLANS 

A .  The 1.5- inch OD x 0.100-inch wall  T-111 a l l o y  t u b i n g  needed t o  make t h e  

capsu le s  w i l l  be r ece ived  and f a b r i c a t i o n  of t h e  t e s t  capsu le s  w i l l  be 

i n i t i a t e d .  

B. F a b r i c a t i o n  of t h e  p re s su re  t r ansduce r  w i l l  be completed and ca l i -  
I-." of t h e  transducer will be i n i t i a t e d .  

-17- 



REFERENCES 

("Harrison, R .  W . ,  "The Compa t ib i l i t y  of B i a x i a l l y  S t r e s s e d  D-43 Al loy  w i t h  
Ref luxing  Potassium", NASA Cont rac tor  Report NASA CR-807, NASA Cont rac t  
NAS 3-6012, June (1967). 

(2)Ewing, C .  T. , Stone, J .  P. , Spann, J. R. , Steinkuller, F:. W. Williams, 
t 1  D.  D . ,  and Miller, R .  R . ,  High-Temperature P r o p e r t i e s  of Potassium", 

September 24, 1965, NRL Report 6233, U. S.  Naval Research Labora tory .  

(3 )  I t  
Soderberg, C .  R. ,  I n t e r p r e t a t i o n  of Creep T e s t s  on Tubesii,  T rans .  
A.S.M.E. 63, 737, November (1941). - 

( 4 ) S t a l l o n e ,  M .  J . ,  General Electric Company, F l i g h t  Propuls ion  Div i s ion ,  
Evendale, Ohio, P r i v a t e  Communication, September 7 (1967). 

I* (5)TRW Equipment Labora to r i e s ,  Cleveland, Ohio, Genera t ion  of Long Time 
Creep Data on Ref rac to ry  Al loys  a t  E leva ted  Temperature", S e r i e s  of 
Quar t e r ly  P rogres s  Reports f o r  NASA Cont rac t  NAS 3-2545. 

-18- 



DISTRIBUTION LIST - SEMI-ANNUAL w:' I' 

CONTRACT NAS3-9437 

Nat iona l  Aeronautfra  & Space Adminis t ra t ion 
Washington, D. C.  20546 
ATTN: Arvin Smith (Rm)  

Nat iona l  Aeronaut ics  8a Space Adminis t ra t ion 
Washington, D .  C .  20546 
ATTN: S . V .  Manson (RNP) 

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
Washington, D. C .  20546 
ATTN: George C .  Deutsch (RR) 

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
Washington, D .  C .  20546 
ATTN: D r .  Fred Schuiman (RNP) 

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
S c i e n t i f i c  & Technica l  Information F a c i l i t y  
P . O .  Box 33 
Col lege  P a r k ,  Marfland 20740 
ATTN: A c q u i s i t i o n s  Branch 

(SQT-34054) (2 + Repro.)  

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
Ames Research Center  
Moffet  F i e l d ,  C a l i f o r n i a  94035 
ATTN: L i b r a r i a n  

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
Goddard Space F l i g h t  Center  
G r e e n b e l t ,  Maryland 20771 
ATTN: L i b r a r i a n  

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
Langley Research Center  
Hampton, V i r g i n i a  23365 
ATTN: L i b r a r i a n  

N a t i o n a l  Aeronaut ics  & Space Adminis t ra t ion 
Manned S p a c e c r a f t  Center  
Houston, Texas '17001 
ATTN: L i b r a r i a n  

N a t i o n a l  Aeronaut ics  & Space Adminis t ra t ion 
George C .  Marshal l  Space F l i g h t  Center 
H u n t s v i l l e ,  Alabama 35812 
ATTN: L i b r a r i a n  

Jet Propuls ion  Laboratory 
C a l i f o r n i a  I n s t i t u t e  of Technology 
4800 Oak Grove Drive 
Pasadena,  C a l i f o r n i a  91103 
ATTN: L i b r a r i a n  

Nat iona l  Aeronaut ics  & Space 

L e w i s  Research C e n t e r  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 

A d m i  ai B tr a t i  0;; 

A mmu? . 
. - I L L L Y .  L i b r a r i a n  M.S. 3-7 

Nat iona l  Aeronaut ics  & Space 

L e w i s  Research C e n t e r  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 
ATTN: D r .  B .  Lubarsky M.S. 500-201 

Adminis t ra t ion  

Nat iona l  Aeronaut ics  & Space 

L e w i s  Research Center  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 
ATTN: G .  M .  Aul t  M.S. 105-1 

Adminis t ra t ion  

Nat iona l  Aeronaut ics  & Space 

L e w i s  Research Center  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 
ATTN: R .  L. Davies M.S. 500-201 

Adminis t ra t ion  

Nat iona l  Aeronaut ics  & Space 

L e w i s  Research Center  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 
ATTN: J. E .  D i l l e y  M.S. 500-309 

Admi n i  s t r a t i  on 

Nat iona l  Aeronaut ics  k Space 

L e w i s  Research Center  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 
ATTN: M .  Sabala  M.S. 3-19 

Adminis t ra t ion  

-19- 

. 



NAS3-9437 

h T o + ; ? . . . n l  &A...-..n,,+<n" 9. C l l n n n  A A m i - i " + o + ' - . .  l l c l  C I W I I C I I  .aCl V I I O \ L  C I b D  u Uyuub n U . I . A . * I - C I J  I,- LA"., 

L e w i s  Research Center  
21000 Brookpark Road 
Cleve land ,  Ohio 44135 
ATTN: T. A.  MOSS M.S. 500-201 

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
L e w i s  Research Center  
21000 Brookpark Road 
Cleveland , Ohio 44135 
ATTN: Coulson Scheuermann (106-1) 

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
Lewis Research Center  
21000 Brookpark Road 
Cleveland O h i o  44135 
ATTN: Report  Cont ro l  O f f i c e  M.S. 5-5 

Nat iona l  Aeronaut ics  & Space Adminis t ra t ion 
L e w i s  Research Center  
21000 Brookpark Road 
Cleveland Ohio 44135 
ATTN: V .  F. Hlavin M.S. 3-14 

N a t i o n a l  Bureau of S tandards  
Washington, D. C .  20225 
ATTN: L i b r a r i a n  

F l i g h t  Vehic le  Power Branch 
A i r  Force Aero-Propulsion Lab. 
Wright P a t t e r s o n  AFB, Ohio 45433 
ATTN: C h a r l e s  Armbruster ASRPP-10 

Flight Vzhic lc  Paver Branch 
A i r  Force  Aero-Propulsion Lab. 
Wright P a t t e r s o n  AFB, Ohio 45433 
ATTN: T. Cooper 

F l i g h t  Vehic le  Power Branch 
A i r  Force Aero-Propulsion Lab. 
Wright P a t t e r s o n  AFB, Ohio 45433 
ATTN: L i b r a r i a n  

F l i g h t  Vehic le  Power Branch 
A i r  Force  Aero-Propulsion Lab. 
Wright P a t t e r s o n  AFB, Ohio 45433 
ATTN: George E .  Thompson APIP-1 

w i  i ,-L + i r r r i 5 ;  -1 - n-..,,.. D.......,.I, 
L r r g i i  b V G L L I ~ L G  r w w c s  I JL  a l i w l i  

A i r  Force Aero-Propulsion Lab. 
Wright P a t t e r s o n  AFB, Ohio 45433 
ATTN: George Sherman API 

F l i g h t  Vehic le  Power Branch 
A i r  Force Aero-Propulsion Lab, 
Wright P a t t e r s o n  AFB, Ohio 45433 
ATTN: George Glenn  

Army Ordnance Frankford Arsenal  
Br idesburg  S t a t i o n  
P h i l a d e l p h i a ,  Pennsylvania 19137 
ATTN: L i b r a r i a n  

Bureau of Mines 
Albany, Oregon 
ATTN: L i b r a r i a n  

Bureau of Ships  
Department of t h e  Navy 
Washington, D. C .  20225 
ATTN: L i b r a r i a n  

Bureau of Weapons 
Research and Engineer ing 
M a t e r i a l s  D i v i s i o n  
Washington, D. C .  20225 
ATTN: L i b r a r i a n  

U.S. Atomic Energy Commission 
Technica l  Reports Library  
Washington, D. C. 20545 
ATTN: 2. Y, O'Leary (2) 

U .  S. A t o m i c  Energy Commission 
Germantown, Maryland 20767 
ATTN: K. E .  Horton 

U .  S. A t o m i c  Energy Commission 
Technica l  Information S e r v i c e  Extens ion  
P.O. Box 62 
Oak Ridge,  Tennessee 27831 (3)  

U .  S .  A t o m i c  Energy Commission 
Washington, D. C .  20545 
ATTN: M. J. Whitman 

-20- 



NAS3-9437 

Of f i ce  of Naval Research 
ruwer UI VIDLUU 

Washington, D. C .  20225 
ATTN: L i b r a r i a n  

n ___.-__ n: --: -: -- 

U.S. Naval Research Laboratory 
Washington, D. C. 20225 
ATTN: L i b r a r i a n  

Advanced Technology Labora to r i e s  
D iv i s ion  of American Standard 
369 Whisman Road 
Mountair. V i e w ,  C a l i f o r n i a  94040 
ATTN: L i b r a r i a n  

AiResearch Manufacturing Company 
Sky Harbor A i r p o r t  
402 South 36th  S t r e e t  
Phoenix,  Arizona 85034 
ATTN: L i b r a r i a n  

AiResearch Manufacturing Company 
Sky Harbor A i r p o r t  
402 South 36 th  S t r e e t  
Phoenix,  Arizona 85034 
ATTN: E.  A. Kovacevich 

AiResearch Manufacturing Company 
9851-9951 Sepulveda Boulevard 
Los Angeles,  C a l i f o r n i a  90045 
ATTN: L i b r a r i a n  

Argonne Na t iona l  Laboratory 
9700 South Cross Avenue 
~ Argonfie, -- Illinnis 60440 
ATTN: L i b r a r i a n  

AiResearch Manufacturing Company 
Sky Harbor A i r p o r t  
402 South 36th  S t r e e t  
Phoenix ,  Arizona 85034 
ATTN: John Dannan 

Atomics I n t e r n a t i o n a l  
8900 DeSoto Avenue 
Canoga P a r k ,  C a l i f o r n i a  91303 
ATTN: L i b r a r i a n  

Atomic I n t e r n a t i o n a l  
8900 DeSoto Avenue 
Canoga P a r k ,  C a l i f o r n i a  91303 
ATTN: Harry Pearlman 

AVCO 
R P S P ~ L . ~ ~  & Advanced Development Program 
201 Lowell S t r e e t  
Wilmington, Massachusetts 01800 
ATTN: L i b r a r i a n  

Babcock & Wilcox Company 
Research Center 
A l l i a n c e ,  Ohio 44601 
ATTN: L i b r a r i a n  

B a t t e l l e  Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 43201 
ATTN: D r .  E .  M.  Simmons 

The Bendix Corpora t ion  
Research Labora to r i e s  D iv i s ion  
S o u t h f i e l d ,  Michigan 48200 
ATTN: L i b r a r i a n  

The Boeing Company 
S e a t t l e ,  Washington 98100 
ATTN: L i b r a r i a n  

Brookhaven Na t iona l  Laboratory 
Upton, Long I s l a n d ,  New York 11973 
ATTN: L i b r a r i a n  

Chance Vought A i r c r a f t ,  Inc .  
P .O.  Box 5907 
D a l l a s ,  Texas 75222 
ATTN: L i b r a r i a n  

B a t t e l l e  Memorial I n s t i t u t e  
505  King Avenue 
Columbus, Ohio 43201 
ATTN: L i b r a r i a n  

C l e v i t e  Corpora t ion  
Mechanical Research Div i s ion  
540 E a s t  105th  S t r e e t  
Cleve land ,  Ohio 44108 
ATTN: N.C.  Beerli 

Convair As t ronau t i c s  
5001 Kerrny V i l l a  Road 
San Diego, C a l i f o r n i a  92111 
ATTN: L i b r a r i a n  

-21- 



NAS 3 - 94 3 7 

Curtiss-Wright Corporation 
Research Division 
Quehanna, Pennsylvania 
ATTN: Librarian 

Eitel McCullough, Inc. 
301 Industrial Way 
San Carlos, California 
ATTN: M. Parkman 

Electro-optical Systems, Inc. 
Advanced Power Systems Division 
Pasadena, California 91100 
ATTN: Librarian 

Ford Xotor Cmipzi~y  
Aeronutronics 
Newport Beach, California 92660 
ATTN: Librarian 

General Atomics 
John Jay Hopkins Laboratory 
P.O. Box 608 
San Diego, California 92112 
ATTN: Librarian 

General Atomics 
John Jay Hopkins Laboratory 
P.O. Box 608 
San Diego, California 92112 
ATTN: Dr. Ling Yang 

General Electric Company 
iiiomic Power Equipmerit D i v i s i o i i  
P.O. Box 1131 
San Jose, California 

General Electric Company 
Missile & Space Division 
3198 Chestnut Street 
Philadelphia, Pennsylvania 19104 
ATTN: Librarian 

General Electric Company 
Vallecitos Atomic Lab. 
Pleasanton, California 93566 
ATTN : Librarian 

Generai EynamicsjFori Woriii 
P.O. Box 748 
Fort Worth, Texas 76100 
ATTN: Librarian 

General Motors Corporation 
Allison Elvision 
Indianapolis, Indiana 46206 
ATTN: Librarian 

Hamilton Standard 
Division of United Aircraft Corporation 
Windsor Locks, Connecticut 
ATTN: Librarian 

Sughes A i r c r a f t  Coapany 
Engineering Division 
Culver City, California 90230 
ATTN: Librarian 

IIT Research Institute 
10 West 35th Street 
Chicago, Illinois 60616 
ATTN: Librarian 

Lockheed Missiles & Space Division 
Lockheed Aircraft Corporation 
Sunnyvale, California 
ATTN: Librarian 

Lockheed Missiles & Space Division 
Lockheed Aircraft Corporation 
Sunnyvale, California 
ATTN; johii x. cox 

Marquardt Aircraft Company 
P.O. Box 2013 
Van Nuys, California 
ATTN: Librarian 

The Martin Company 
Baltimore, Maryland 21203 
ATTN: Librarian 

The Martin Company 
Nuclear Division 
P.O. Box 5042 
Baltimore, Maryland 21220 
ATTN: Librarian 

-22- 



NAS3 -9437 

Martin M a r i e t t a  Corpora t ion  
Metals Technology Laboratory 
Wheeling, I l l i n o i s  

M a t e r i a l s  Research and Development 
Manlabs, Inco rpora t ed  
21  E r i e  S t r e e t  
Cambridge, Massachuse t t s  02139 

:*:ateriais Research Corpora t i an  
Orangeburg, New York 
ATTN: L i b r a r i a n  

XcDonnei A i r c r a f t  
S t .  Lou i s ,  Missouri  63100 
ATTN: L i b r a r i a n  

MSA Research Corpora t ion  
C a l l e r y ,  Pennsylvania 16024 
ATTN: L i b r a r i a n  

North American Av ia t ion ,  Inc .  
Los Angeles Div i s ion  
Los Angeles,  C a l i f o r n i a  90009 
ATTN: L i b r a r i a n  

Oak Ridge Na t iona l  Laboratory 
Oak Ridge ,  Tennessee 37831 
ATTN: W .  H .  Cook 

Oak Ridge Na t iona l  Laboratory 
Oak Ridge, Tennessee 37831 
ATTN: W .  0. Harms 

Oak Ridge Na t iona l  Laboratory 
Oak Ridge ,  Tennessee 37831 
ATTN: L i b r a r i a n  

Oak Ridge Na t iona l  Laboratory 
Oak R idge ,  Tennessee 37831 
ATTN: J. H.  DeVan 

P r a t t  & Whitney A i r c r a f t  
400 Main S t r e e t  
E a s t  H a r t f o r d ,  Connect icu t  06108 
ATTN: L i b r a r i a n  

Republ ic  Avia t ion  Corpora t ion  
Farmingdale ,  Long I s l a n d ,  New York 
ATTN: L i b r a r i a n  

Roc ke tdyne 
Canoga Pa rk ,  C a l i f o r n i a  91303 
ATTN: L i b r a r i a n  

S o l a r  
2200 P a c i f i c  Highway 
San Diego, C a l i f o r n i a  92112 
ATTN: L i b r a r i a n  

sGiithwest k s z a r z h  Iastitute 
8500 Culebra Road 
San Antonio,  Texas 78206 

~.upei;ioii Tube Company 
Norristown, Pennsylvania 
ATTN: M r .  A. Bound 

Sylvania  E l e c t r i c s  P roduc t s ,  Inc  
Chem. & M e t a l l u r g i c a l  
Towanda, Pennsylvania 
ATTN: L i b r a r i a n  

TRW, Inc .  
Caldwell  Research Center  
23555 Euc l id  Avenue 
Cleve land ,  Ohio 44117 
ATTN: L i b r a r i a n  

TRW, I n c .  
Caldwell  Research Center  
23555 Euc l id  Avenue 
Cleve land ,  Ohio 44117 
ATTN: E .  S te igerwald  

Union Carbide Corpora t ion  
S t e l l i t e  D i v i s i o n  
Kokomo, Indiana  
ATTN: L i b r a r i a n  

Union Carbide Nuclear Company 
P,O. Box X 
Oak Ridge, Tennessee 37831 
ATTN: Records Department (2)  

Union Carbide Metals 
Niagara F a l l s ,  New York 14300 
ATTN: L i b r a r i a n  

United A i r c r a f t  Corpora t ion  
P r a t t  & Whitney Div i s ion  
400 W .  Main S t r e e t  
Har t fo rd  8 ,  Connect icu t  
ATTN: W .  H .  Podolny 

-23- 



NAS3 - 94 3 7 
United Nuclear Corporation 
Five New Street 
White Plains, New York 10600 
ATTN: Librarian 

Union Carbide Corporation 
Parma Research Center 
P.O. Box 6115 
Cleveland, Ohio 44101 
A ' F ' F h T .  'Pn,-.hni -01 Tnfnrmation Sp,y?i  

' > A L A . .  & b b L Z L . . L " U I  .....----- 

Wah Chang Corporation 
Albany Oregon 
ATTN : Lib TU i an 

Westinghouse Electric Corporation 
Astronuclear Laboratory 
P,O. Box 10864 
Pittsburgh, Pennsylvania 15236 
ATTN: Librarian 

Westinghouse Electric Corporation 
Astronuclear Laboratory 
P.0, Box 10864 
Pittsburgh, Pennsylvania 15236 
ATTN: R. T. Beghey 

Westinghouse Electric Corporation 
Materials Manufacturing Division 
RD#'2 Box 25 
Blairsville, Pennsylvania 
ATTN: Librarian 

Westinghouse Electric Corporation 
Aerospace Electrical Division 
Lima, Ohio 
ATTN: Po E. Kueser 

Westinghouse Electric Corporation 
Research & Development Center 
Pittsburgh, Pennsylvania 15235 
ATTN: Librarian 

Wyman-Gordon Company 
North Grafton, Massachusetts 
ATTN: Librarian 

Grumrnan Aircraft 
Bethpage, New York 
ATTN: Librarian 

Lawrence Radiation Laboratory 
Livermore, California 
ATTN: Librarian (2)  

Allis Chalmers 
Atomic Energy Division 
Milwaukee, Wisconsin 
ATTN: Librarian 

CP s Allison-General Motors 
Energy Conversion Division 
Indianapolis, Indiana 
ATTN: Librarian 

AMF Atomics 
140 Greenwich Avenue 
Greenwich, Connecticut 
ATTN: Librarian 

American Machine and Foundary Company 
Alexandria Division 
1025 North Royal Street 
Alexandria, Virginia 
ATTN: Librarian 

Douglas Aircraft Company, Inc. 
Missile & Space Systems Division 
3000 Ocean Park Boulevard 
Santa Monica, California 
A'TTN: Librarian 

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor, Michigan 48105 
A N N :  Librarian 

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor, Michigan 48105 
ATTN: Dr. M. Semchyshen 

Fansteel Metallurgical Corporation 
North Chicago, Illinois 
ATTN: Librarian 

National Research Corporation 
405 Industrial Place 
Newton, Massachusetts 
ATTN: Librarian 



NAS3 - 94 3 7 

Universa l  Cyclops S t e e l  Corpora t ion  
Refractomet Div i s ion  
B r i d g e v i l l e  , Pennsylvania 
ATTN: C.P. Mueller 

Los Alamos S c i e n t i f i c  Labora tory  
Un ive r s i ty  of C a l i f o r n i a  
Los Alamos, N e w  Mexico 
ATTN: L i b r a r i a n  

Lockheed Georgia Company 
D i v i s i o n ,  Lockheed A i r c r a f t  Company 
M a r i e t t a ,  Georgia 
ATTN: L i b r a r i a n  

Sandia Corpora t ion  
D i v .  9333 
P.O.  Box 5800 
Albuquerque, New Mexico 87115 
ATTN: James Jacobs 

-25- 


